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Patient compliance is a significant problem and is
strongly correlated with the patients’ understanding
of their condition and prescribed treatment. Since
doctors typically do not have large amounts of time
to educate patients, and impersonal, voluminous pa-
tient handouts are largely ineffective, we propose the
use of a sophisticated computer-based information
system to generate tailored, interactive handouts to
communicate with patients. Our system uses text
planning and user modeling techniques to generate
natural language descriptions of migraine, its symp-
toms, triggering factors and prescriptions. The system
is capable of handling follow-up questions request-
ing further information, and generating responses in
the context of previously supplied information — a ca-
pability unavailable in previous patient information
systems. The system tailors its interaction to: (i) the
class of migraine patients, (ii) the individual patient,
and (iii) the previous dialogue. Preliminary evaluation
of the system indicates that patients find it useful and
informative. More extensive evaluation is in progress.
Introduction
Patient noncompliance is a significant problem with
both economic and quality of life implications. A
number of studies have shown that patient compliance
is strongly correlated to the patients’ understanding of
their condition and prescribed treatment, e.g., [7,11].
It is essential, therefore, that communication with
patients be structured carefully to maximize the possi-
bility of their comprehension. The importance of doing
so is further underscored by research indicating that
patients often do not understand important documents
(such as ‘informed-consent’ forms) that they are asked
to read and sign [6, 13]. Facilitating patient education
is one way of overcoming these problems. However,
doctors typically do not have large amounts of time
to either explain their diagnostic procedures, or dis-
cuss their rationale for the prescribed therapy [10-12].
Unfortunately, handing out lengthy descriptions of dif-
ferent illnesses and possible treatments is unlikely to
ameliorate the condition; a number of studies have
shown that impersonal, decontextualized information
has negligible impact on patients as compared to the
selective presentation of relevant, patient-specific in-
formation, e.g., [2, 14]. It has also been observed that
handouts are not very effective unless clinical person-
nel review them with patients to ensure comprehension

The authors are listed in alphabetical order.

0195-4210/94/$5.00 © 1994 AMIA, Inc.

and answer follow-up questions [12]. Therefore hand-
outs can address only part of the problem. One possible
solution is to use a computer-based system to select and
present patient-specific information in an appropriate
manner. This paper describes how a system can tailor
the patient interaction — both the explanations gener-
ated, as well as the follow-up questions — to maximize
patient education.

System Requirements
A patient education system must be able to:

o take into account patient characteristics and select
relevant information,

e present the information in a manner both com-
prehensible and acceptable to the patient, and

e engage in follow-up dialogues, and facilitate
queries for clarifications, elaborations, etc. in the
context of the on-going conversation.

While a number of previous efforts have investigated
the possibility of using computer-based information
delivery systems, e.g., [1,7,9-11] none of these sys-
tems attempted to incorporate advanced natural lan-
guage generation capabilities to tailor the interaction —
not just the content, but also the organization and the
phrasing of the explanations — to individual patients.
Furthermore, they did not allow patients to query the
system to receive further elaboration or clarifications.

We have designed a sophisticated information delivery
system that meets these requirements. The system
is based on a text planning framework [15] that dy-
namically selects and structures the information to be
presented in each case. Since we are unable to parse
free-form text, the system has a large library of pos-
sible questions!. The patient can ask questions by
clicking on mouse sensitive portions of the text and by
selecting available questions from menus [15]. Both
the menus containing questions that the user may ask,
and the responses produced, are generated in a context
sensitive manner, taking into account both the patient
model and the previous dialogue [5].

Conceptually, the migraine system [3] consists of three
main components: (a) an interactive history-taking
modaule that collects information from patients prior

IThe set of questions was determined from an ethnographic
analysis of a large number of doctor-patient interactions; the field
work and analysis was conducted by Forsythe, Brostoff and Bee [8].



to each visit and builds a patient model? (b) an intelli-
gent explanation module that produces an interactive
information sheet containing explanations in everyday
language tailored to individual patients, and that re-
sponds intelligently to follow-up questions, and (c)
an interaction manager that presents the interactive
information sheet on the screen and manages the sub-
sequent interaction with the patient.

In addition to presenting individual patients with in-
formation specific to their case, it is also important
for the system to communicate information important
to all migraine patients. For instance, ethnographic
field studies have found that migraine sufferers are
concerned about the possibility of more serious causes
for their headaches, such as brain tumors or stroke [8].
The system is designed to address these concerns as
well. Thus, the system tailors the explanation not only
to the individual patient, but also to the larger class of
migraine patients.

Patient Modeling in Migraine

The interactive information sheet provides patients
with information about migraine, their specific condi-
tion, the prescribed treatment and its implications. The
system can respond intelligently to follow-up ques-
tions about topics covered in the information sheet.
The content and organization of the information sheet
are based on three sources: (z) results of ethnographic
research [8], (#%) sample information sheets written by
the physician on our research team, and (ii%) sample
information sheets being given out in local hospitals
and clinics. For example, because of the ethnographic
findings, the information sheet deals with global con-
cerns before going on to instruct patients about how
to follow their therapy regimen. However, the actual
contents that are included when covering each topic
will vary for each patient, because the system is sen-
sitive to the data stored in the patient model. The
information sheet produced by our system displays the
following information:

e a statement about the diagnosis,

e an explanation of how the diagnosis accounts for
the patient’s symptoms,

e a discussion of situations and substances that act
as migraine triggers for the patient, and informa-
tion to help patients identify additional triggers,

e a set of instructions about the patient’s individual
treatment plan, and

2The information collected here is also used to summarize the
patients’ status for their physicians.

e a discussion of the possible side effects of the
prescribed therapy with instructions.

Each of these points is tailored to the individual patient.
A snapshot of the system is shown in Figure 1.

Tailoring the Output to Individual Patients

In order to adapt explanations to a patient, the expla-
nation facility must have access to a stored description
of relevant features: the patient model. Information
about the patient that would typically be gathered us-
ing a questionnaire on their first visit — such as the
symptoms, past treatments, relevant habits, and other
current medical treatments — is gathered by a computer-
ized version of such a questionnaire (the history-taking
module) and translated into a patient model that can
be used by the explanation component. Information
about the patient’s diagnosis and prescribed therapy is
provided by the physician or other clinical personnel
immediately after the visit with the physician. The
system uses this patient model to generate customized
explanations at every possible step. For example, the
patient’s symptoms, as well as specific supporting evi-
dence, such as family history of migraine, are used to
corroborate the physician’s diagnosis:

If the patient’s migraine attacks are characterized by
a severe, throbbing headache, the system generates:
“One of the most common symptoms of migraine is
a severe, throbbing headache ... ”. If there were
no throbbing sensation for another patient, the system
would modify it to: “One of the most common symp-
toms of migraine is a moderate to severe headache.”
In cases of migraine characterized by the visual aura
alone, the system can generate: “A strong indicator of
(classic) migraine is a disturbance in the visual ﬁeld,
known as an aura.”

The system uses information about the patient’s phys-
ical examination to further reassure the patient that
the condition is not a life-threatening one. The fourth
paragraph in Figure 1 shows part of the description
generated for a pre-menopausal, female patient. If the
patient had been post-menopausal, the system would
generate an explanation along the lines of, “Migraine
often gets better with age, since hormones playa role in
making the attacks more severe” without mentioning
the role of menopause.

The description of migraine triggers is also tailored: it
takes into account information about the gender and
age of the patient, as well as any specific triggers
reported by the patient:

“Migraine triggers ... you were not aware of any trigger
Jactors, except possibly stress and sleeping late on weekends.
Stress is difficult to avoid, but try maintaining a regular sleep
pattern ...”



INTERACTIVE HANDOUT GENERATOR

Clear Doctor Input
H Today you were seen by Dr. Margolis and diagnosed as
suffering from migraine. The most common symptom
of migraine is a moderate to severe headache. Migraine
patients also frequently experience visual symptoms,
nausea, sensitivity to light, sensitivity to noise and
confusion. Your head may feel tender and sore
when you have a migraine headache. Much of the
pain in a migraine headache is thought to be due to the
stretching of blood vessels in the scalp and the
head. Your symptoms included light-spots, vomiting
and nausea which are all consistent with typical cases of
migraine.

Migraine is also strongly hereditary. You report that
your father, brother and daughter have all had severe
headaches that are similar to yours. Your family history is a
further indication that you suffer from migraine.

While migraines can produce very intense and painful
headaches, they are very rarely life threatening.
Sometimes patients worry that their migraine symptoms
mean that they have a brain tumor or have suffered a
stroke. Do not worry. You were diagnosed as suffering from
migraine only. Your physical examination was normal,
‘which indicates that more serious causes of headache such
as bleeding from strokes or tumors are very
unlikely.

Migraines often get better as people age, since
hormones play a role in making the attacks more severe.
Because this condition is related to the level of female
hormones, women are more likely than men to develop it.
Migraine frequently gets less severe or may stop
completely after menopause.

E A migraine attack can be tri
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Generate Handout

Printout General Questions

Drugs for prophylactic treatment are intended to reduce or
prevent further migraine attacks. These are drugs that you
must take every day, whether or not you have a migraine.
In general, prophylatic treatment is suitable for patients with
frequent migraines. The most common side effects of
NORTRIPTYLINE are dry mouth and drowsiness.

Ibuprofen is a drug that is used for analgesic treatment of
migraine.

Drugs for analgesic treatment are intended to reduce or
relieve the pain of migraine headaches. These are drugs
that you must take when headaches occur. In general,
analgesic treatment is suitable for patients with infrequent or
mild headaches. Some patients experience side effects
from IBUPROFEN such as stomach pain and discomfort.

Migraine (need for time):
Since each patient reacts differently to different
medications, itis crucial that you do not give up hope and
continue working with the doctor to try and find a therapy
management plan to fit your needs.

Figure 1: A snapshot of the system.

Similarly, the section addressing the prescribed treat-
ment takes into account the drugs that are already
being taken by the patient (for conditions other than
migraine), as well as information about their possible
effects on the patient’s life style. For instance, among
the side-effects of the drug Inderal are a reduced max-
imum heart rate and lowered arterial blood pressure.
This side-effect does not noticeably affect patients with
a sedentary lifestyle, but can result in individuals with
an active life style no longer being able to indulge in
strenuous activities to the same extent as before. The
system elaborates on this side-effect of the drug differ-
ently depending on aspects of the patient’s lifestyle, as
determined during the history-taking session.

This scenario illustrates how patient information is
used not only to determine how to phrase pertinent in-
formation, but also to determine what aspects are to be
elaborated upon; if the patient specific information had
not been taken into account, the handouts generated
would have been quite different, with identical de-
scriptions of the triggers, drugs and their side-effects,
information on hormonal effects, and so forth, irre-
spective of the patients’ age, gender, lifestyle, and
other factors.

Tailoring the Output to the Patient Class

In addition to tailoring the description to individual
patients, the generated handout also contains informa-

tion that pertains to the general population of migraine
patients as a whole. Ethnographic studies in the
project have shown that migraineurs have both fears
and concerns about their condition. For instance, mi-
graineurs are usually worried about the possibilities of
more serious problems such as cerebral haemorrhages,
brain tumors or strokes as a result of the symptoms
they experience [8]. It is important to address these
fears explicitly in the information sheet. Migraine
patients also worry about the dangers of taking hor-
monal medicines for other conditions (for instance,
birth control pills), possible job discrimination, avoid-
ing food/drink triggers in social situations, etc. These
fears and concerns may be specific to migraine, and
may not be applicable to other types of headaches (si-
nus, tension, cluster, etc). Initial results from the field
suggest that different types of headaches cause patients
to worry about different issues. Since our intention is
to generalize the system to be able to deal with other
headache types as well as migraine, issues such as
these (pertaining to the general migraine population)
must also be represented explicitly so that the system’s
coverage may be expanded without undue difficulty.

The result of this modeling of the patient class can be
seen in the first three sentences of the third paragraph
of the handout shown in Figure 1. Such information
would typically be included for all migraine cases, but



would change for patients with a different diagnosis.
Tailoring the Answers to Follow-Up Questions

The interactive information sheet allows users to click
on terms in the explanation for elaborations or further
information. (In Figure 1 such terms are indicated by
the use of bold face font). If the patient were to click,
for instance, on symptoms, the system would put up
the following menu:

What symptoms did | report?

What are other possible symptoms?

Were all my symptoms consistent with migraine?
What could account for symptoms not consistent
with migraine?

Note that the last question is offered only if there
are any patient findings not commonly observed in
migraine cases. In another case, if a patient were
to click on the phrase “migraine often gets better
as people age,” the system would generate different
menus depending on both the age and the gender of
the patient (male patients would not be offered choices
elaborating on the effect of menopause, birth control
pills, etc.). Thus, both the information provided in
response to follow-up questions, as well as choices for
further information are tailored based on the patient
model.

The System: Issues in Tailoring

A detailed description of the system is beyond the scope
of this paper. A description of the overall system may
be found in [3]; the text planning framework used
in generation is described in [15]; our knowledge
representation framework is described in [4]. In this
section, we briefly highlight techniques necessary for
tailoring explanations to the individual patient and
discourse context.

The system uses a text planning framework to guide the
presentation of information — we adopted this frame-
work because it facilitates the fine-grained tailoring
required in our system. The explanation planning pro-
cess begins when a communicative goal (e.g., “make
the hearer believe that the diagnosis is migraine,”
“make the hearer know about the side effects of In-
deral™) is posted to the text planner. Posting a goal
leads to the retrieval of knowledge units (facts, op-
erators) which are useful in attaining that goal; the
attempt to apply those knowledge units may result in
the posting of further goals. Planning continues until
all communicative goals have been refined to speech
acts (e.g., INFORM and RECOMMEND) that can be “ex-
ecuted” to produce the actual English text. In our
system, there are two ways that a communicative goal
may be posed to the text planner. First, when the
interaction begins, the goal to generate the information
sheet for the current patient-user is posted. Second,

(define-text-plan-operator
:name Alleviate-fears-Female-Pre-Menopausal
:effect (alleviate-fears ?patient (forever ?disease))
:constraints
((female ?patient)
(pre-menopausal? ?patient)
(not (in-patient-history? estrogens)))

:nucleus ((BEL ?patient (improve ?disease (after menopause)))

(BEL ?patient (improve ?disease aging))))

(define-text-plan-operator
:name Alleviate-fears-Male
.effect (alleviate-fears ?patient (forever ?disease))
:constraints (male ?patient)
:nucleus (BEL ?patient (improve ?disease aging)))

Figure 2: Sample Plan Operators.

after the information sheet has been generated, the user
is free to ask further questions about topics covered
there, or to ask about other topics given in question
menus.

Explanation operators integrate multiple sources of
knowledge. First, they encode standard ways that
communicative goals are achieved by rhetorical means,
thus allowing our system to produce natural explana-
tions. Second, operators contain applicability con-
straints that specify the knowledge that must be avail-
able if the operator is to be used. These criteria can
refer to the system’s medical knowledge base, the pa-
tient model, or the dialogue history. Figure 2 shows
two (simplified) plan operators used in the system. The
first operator applies only if the patient is female, pre-
menopausal and does not have a history of estrogen
drugs. The second operator satisfies the same goal as
the first, but is only applicable to male patients. The
explanations generated for the two cases differ substan-
tially, with the first patient being provided information
about the effect of menopause on migraines in addi-
tion to the information on aging. The system currently
contains approximately 280 operators dealing with dif-
ferent situations. The majority of these operators refer
to the patient model in their applicability constraints.

System Evaluation
The usability and utility of the migraine system has
been evaluated in three preliminary studies. Two of
these studies are relevant to the evaluation of the inter-
active information sheet. In the first study, 3 patients
used the system in the context of an actual visit with
a neurologist. In the second study, 13 persons with
headache and one or more symptoms of migraine in-
teracted with the history taking and the interactive
information sheet without seeing the neurologist. In
both of these studies, the patients were observed us-
ing the system, and were also interviewed afterwards
regarding their session with the system. While we
recognize that this is an evaluation of patients percep-



tions, and not a study of outcomes, we nevertheless
believe that the results are helpful and encouraging.
Table 1 shows an excerpt of patients’ assessment of
the interactive information sheet.

Questions Answer Category

Yes No

Did you like using the program? 16 (1.00) | 0 (0.00)

Did all of the information presented

make sense? 13 (0.81) | 3(0.19)

Did you feel comfortable about using a
computer to get this kind of information? | 16 (1.00) | 0 (0.00)

Was the computer itself easy to use? 14 (0.88) | 2(0.12)

Did the program tell you anything you

did not already know? 15 (0.94) | 1 (0.06)

Do you think this information will help
you manage your headaches better? 9(0.56) | 7(0.44)

Did you learn anything that you would
not have asked your doctor?

12 (0.75) | 4 (0.25)

Table 1: Responses on the Interactive information
sheet Follow-up Interview.

C9nclusions and Future Work

Studies have shown that patient compliance with the
prescribed therapy significantly increases with under-
standing. We have demonstrated how a text planning
framework can be used to automatically synthesize
tailored, interactive information sheets for migraine
patients. In generating these information sheets, the
system takes into account characteristics of both the
individual patient as well as the general class of mi-
graine patients. In addition, the system takes the
patient model into account in dynamically generating
menus of follow-up questions, as well as answers to
them.

The usability and utility of the MIGRAINE system has
"been evaluated in three preliminary studies. These
studies were aimed at assessing patient and physician
perceptions about the system. While the results from
these studies have been encouraging, we are aware that
a more thorough and objective evaluation is necessary.

Finally, we also plan to extend the coverage of the
system to handle other types of chronic headaches in
addition to migraine. Since the knowledge base and
text plan operators used in the system were designed
in a modular fashion, we expect that a reasonable
percentage of these knowledge sources can be re-used
in a larger patient education system.
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